The setup of an apparatus for chemical vapor deposition (CVD) of hexagonal boron nitride (h-BN) and its characterization on 4 inch wafers in ultra high vacuum (UHV) environment is reported. It provides well-controlled preparation conditions, such as oxygen and argon plasma assisted cleaning and high temperature annealing. Insitu characterization of a wafer is accomplished with target current spectroscopy.
The setup of an apparatus for chemical vapor deposition (CVD) of hexagonal boron nitride (h-BN) and its characterization on 4 inch wafers in ultra high vacuum (UHV) environment is reported. It provides well-controlled preparation conditions, such as oxygen and argon plasma assisted cleaning and high temperature annealing. Insitu characterization of a wafer is accomplished with target current spectroscopy.
A piezo motor driven x-y stage allows measurements with a step size of 1 nm on the complete wafer. To benchmark the system performance, we investigated the growth of single layer h-BN on epitaxial Rh(111) thin films. A thorough analysis of the wafer was performed after cutting in atmosphere by methods, including low energy electron diffraction, scanning tunneling microscopy, ultra-violet and X-ray photoelectron spectroscopy. The apparatus is located in a clean room environment and delivers high quality single layers of h-BN and thus grants access to inexpensive and large area UHV processed surfaces, which had been restricted to expensive, small area single crystals. The facility is versatile enough for customization to other UHV/CVD processes, e.g. graphene on 4 inch wafers.
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I. INTRODUCTION
Single layer hexagonal boron nitride (h-BN) consists of sp 2 hybridized boron and nitrogen and forms sheets, similar to graphene. The rapidly growing interest in h-BN is based on its recent exploitation as substrate for graphene devices 1 . Besides its usage as insulator or ultra thin dielectric, it might be used for many other applications such as simple lubricant or as a far-ultraviolet fluorescent material 2 .
In order to fully exploit its potential, h-BN has to be produced at large scales and in highest quality. To overcome the scalability problem of the exfoliation process from bulk crystals, chemical vapor deposition (CVD) techniques have been successfully applied on polycrystalline Cu foils 3 . This procedure is in analogy to the one reported for large scale graphene synthesis 4 . In order to achieve highest quality single atomic layers, ultra high vacuum (UHV) CVD preparations on various single crystalline transition metal substrates are well established 5, 6 . Here, we present an apparatus, which combines large area CVD preparations with the high quality achieved by UHV and single crystalline samples. As single crystalline substrates were employed rhodium(111) 4" thin film wafers 7 .
II. LABORATORY INFRASTRUCTURE
An overview of the laboratory installations is given in Figure 1 . The UHV chamber is set up within a clean room, which satisfies clean room class requirements ISO 8, according to ISO 14644-1. To further minimize environmental sample contamination, the entry lock chamber can only be accessed via an additional laminar flow box with a High Efficiency Particulate Airfilter (LogicAir, Switzerland).
The UHV system consists of three chambers: An entry lock, a preparation and an analysis chamber. Each chamber has its own ion or turbo molecular pump and may be isolated with UHV valves. The base pressure in the analysis and preparation chambers is 1 · 10 −10 mbar.
The entry lock provides fast sample access, sample storage, plasma cleaning and waferscale ion sputtering. O 2 and Ar plasmas are created with an inductively coupled plasma generator (Harrick, USA), which is mounted on top of the chamber. For sputtering, the target can be biased up to 1 kV. To ensure a homogeneous ion impact distribution, the acceleration voltage is directly applied on the wafer, the plasma generator aperture size is Sample temperature measurements are realized with pyrometers, which were calibrated to a thermocouple reading in another UHV system. Additional control of the heater is achieved by thermocouples, which are mounted between heater and heat sink.
The analysis chamber is equipped with a two-axis x-y stage, which is driven by piezo motors (SmarAct, Germany) and which allows to scan the wafer with nanometer precision.
An electron source (PSP Vacuum Technology, U.K.) is mounted above the sample to perform normal incidence target current spectroscopy (TCS) measurements 8 . The electron source provides an electron beam up to an energy of 100 eV with 250 meV FWHM. The sample current versus incident electron energy spectra are recorded with a source-measure unit (Keithley, USA). The incident kinetic electron energy E kin on the sample is E kin = eU gun + Φ gun − eU bias − Φ s . The current cut off at E kin = 0 is thus determined by the fixed source parameters U gun and Φ gun , the work function of the sample Φ s and the sample bias U bias . ) of the sample is probed, whereas at higher energies a single electron may cause multiple electron emission, which adds to the reflected electron current. In particular, the sample current may vanish for a given kinetic energy of the electrons. The electron energy is scanned with the sample bias, which requires a flat sample and a minimal magnetic field distortion. But it allows to keep the source current (I 0 ) constant at any electron energy and the electron absorption (I/I 0 ) may be determined. with borazine (HBNH) 3 as a precursor at a substrate temperature above 750 • C. 6 The success of the preparation depends on the single crystallinity of the substrate, the cleanliness of the substrate and the low pressure at elevated sample temperature. These three requirements are crucial for many UHV/CVD processes and thus, similar performance can be expected for other deposition procedures. indicates a complete and homogeneous boron nitride growth on the 4" wafer, except for spectra with X ≥ 40 mm, the edge of the wafer and its Mo fixation induce a retarding field distortion (see Figure 2d) ). The measurements were performed without intermittent air exposure or cutting.
and thus, preceding the h-BN preparation, a thorough cleaning procedure is necessary.
Carbon is the main contamination of the surface and an incomplete cleaning leads to the formation of graphene structures 11 , which form -upon borazine exposure-BN-graphene heterostructures 12 . A complete cleaning procedure includes an isopropanol ultrasonic bath, followed by in-situ O 2 plasma cleaning, Ar sputtering and a 13 hours degassing up to ∼600
• C. 
